ED 159 891
AUTHOR
TITLE

INSTITOTION

SPONS AGENCY

-

v

REPQET NO~
PUB DATE
CONTRACT
NOTE

EDRS PRICE
'DE SCRIPTORS

-

IDENTIFIERS

ABSTRACT
r

DOCUBNENT BESUBE | ’
‘ CE 018 208

2

:Steffen, Dale A.; And Cthers :
‘Development of a Low-Cost, Stand- Alone ulcrotermlnal

for Support of Testing and Instruction. Final Report

for Period January 1977-February 1¢78.
Denver Univ., Colo. Research .Inst.

Air Porcé Human Resources Lab., Brocks AFB, TexasS.;
Air Forcé Human Resources Lab., Lowry AFE, Colo.

“ . Technical Training D1v.

AFHRL-TR-78-50

~ Sep 78

¥33615-77-C0045
39p. '

MP- $0.83 HC- $2. 06 pluc poetage. .
*Computer Assisted Instruction; Comguters; Cost
Effectivehess; *Educaticnal Equipment;
Electromechanical Aids; *Electrcnic Equipusent; . :
Feasibility Studle ; I'mstructicnal Media;, *Student
Testing . T : AP

_*M1croterm1na1s

: * A study was undertaken to develcp a m1croterm1nal .for
use in a computer—based instructional system. Okjectives were to use

" new microprocessor technology to produce cpre terminal that is more
effective and efficient than either the managenent termiral or the
plasma type interactive terminal presently in use by the 2ir Force
,Advanced Instruc tional System (AIS) . Four goals were, identifieds (1)
" design and develop a final configuraticr which takes intc account -
. stand-alone software: capabilities for suppcrting block testing, f,
- portability (battery operation), and transfer of data to the computer
site through a type B terminal; (2) refine the existing prototype.for
production level numbers, and proauce ten pxotctype Froduction units
- with a production cost goal of. approximately $500.00 per unit in
vquantlt;es of 500 or more; (3) perfors a classicom study of the
microterminal to determine its operational effectiveness; and (4)
provide complete procurement-manufacturlng documentationi’ Through

involvement of educators
microterminal users, the human factors were
electrical characteristics of the microtermipal selected,

.engineers, and .potential
eflned, mechanical and
and the

psychologists,

prototype designed. The microterminal was ev lua ted and’ proved

acceptable for student test. taking in the Al

weapcns mechanics

course. Cost analysis indicated that it met the goal. Students showed
a large preference for answering test items with the micrcterminal
rather than computer test forms.'Evaluatlon results alsc showed the
use of the microterminal resulted in chnlflcantly better test

.scores. (JH)

L 4

tttt**#****tttt*#***********i*t******ttttti#i*tat*tt#t*ttttt*tt*ttt**t*

o Reproductions supplied by EDRS are the best that can te made . *
* from the origiral dccument. *
ttt#*tt**t**********t#t*t**t*******t###########tt#######t###***tt##**t*

9




AFHRLTR7860 . S - T

® . .
b

DEVELOPMENT OF A LOW-COST, STAND-ALONE
MICROTERMINAL FOR SUPPORT OF TESTING
AND INSTRUCTION -

3

: By ,
_ Dale A, Stéffen ST
' " GaryC.Gray -~ . '
. ‘Kenneth C. Wasmundt .-
. Denver Research Institute S

University of Denver . ,
Denver, Celorado 80208 |

.-

‘ Joseph P. Lam'os

TECHNICAL TRAINING DIVISION
« Lowry Air Force Base, Colorado 80230

-

o Z»ZCT

~ 0, 2

- September 1978
Final Repdrt for Period January 1977 — February 1978

9
-

'A’P proved for public relcase: distribution unlimited,

-
v

MO OvM

)
us DEP"ARTMENTOF HEALTH,
. O _ EQUCATION & WELFARE
o NATIONAL INSTITUTE OF

EDUCATION

z..“ DO(UMiNY rm‘; BEEN RE/Pno
LTSS AR FORCE SYSTEMS COMM
Thp DERSON NRORG ANIZATION ORIGIN- "‘ AND
r.r.A‘- 1o poiNTS OF VIEW OR OPINIONS

re o NOT NECESSARILY REPRE- - BROOKS AlR FORCE BASE TEXAS 78235

iu! g rral NATIONAL INSTITUTE,OF

I: C Goge AN PO TION OR POLICY o

ull Text Provided by ERIC . " o // ’ .
; . - : ~

: . S . R
. . . By : .
- ’ . L
B - A )



,e

U /| Norice - ‘

‘When Us. Government drawmgs, pecrﬁcathns or other data are used'
“for any purpése other than. . a deﬁmtely related ‘Govémnient .

procufement operatrbn the - Goyernment thereby incurs ne

respongibility nor any obligation whatscever, and the fact that the ..

. Govf; ent may hive formulated, furnished, lcs)r/m\any way supplied
the sdid drawings, specifications, or othbr data i'not to be regarded by
implication or otherwise; as in-any manner licensinig the holder ar any

other person or corporation or conveymg any rights. or permission to K

manufact reu»use ror sell any patentéd mventxon that may in- any way.

El

' '.bg related thereto ' O I
. L;.A_;." .Y ,‘ :

Thrs ﬁnal ,‘peport -was submltted by Denyer Research Institute,
" University of - Denver,_Denver, Tolorado 80208, under c¢ontract’

F33615-77-0:0045, “project 1121, with Technical Trmmng Division, Air
Force Human Resources. Laboratory (AFSC) Lowry Ajr Force Base,
Colorado 80230. Mr Joseph Lamos was the contract monrtor .

Thrs report has been rev:ewed and cleared for open pubhcatron and/or
public release by the appropriate Office-. of Information. (OI) in
* accordance with AFR 190- 17 and DoDD 3230 9. There is no obJectlon
" to unlimited distribution of this: report fo the' public at 1arge ot by
-DDC to the: Natlonal Techmcal Informatron Servrce (NTIS). -

~This teyhmcal report has been reviewed and is approved for pubhcatron

2

~ MARYYR. ROCKWAY Techmcal Drrector . e
.. Technical Training: Division S
. ‘/ v h s Y . " ’ B -
) kbNALDw TERRY Colonel, Us;é N
-Commander :
. SN o R A .
% A\

C/;')




ERI!

Aruitoxt provided by Eic:

_, . . . N

] Coaay . . '
Unclassxﬁed -*x , et PV o
sscm:rrv CLAS§IFICATIOM OF THIS PAGE (Whon Data Enur.:o‘d) . ! ' g"' o R ) ‘ Coy _f %
i~ REPORT. DOCUMENTATION PAGE. . | 7 EEF%%;:"C‘SS;EE%}S‘;SORM
« I REPQRT NUMBER "’ B '2 GOVT Accsss)oN NO. 3; /RECIPIENT'S CATALEG NUMBER
| AFHRLAR7850° | o ] I PR
1s. ‘h‘rLE tand Subtitle) ’ w - . T ] l'\‘ /5. TYRE dr-' REPORT. & PER[OD COVERED :
, DEVELOPMENT OF ALovJM:osr STAND-ALONE ) Fina LT

i

MICROTERMINALFORSUPPORTOFTEST[NG T

AND [NSTRUCTION

)

January 1977 February 1978

6. PERFORMING ORG,: Raqu- NUMBER i

l

7.

AUTROR(w) .
Dale A. Sleffen C
Gary C. Gray |/
Keénneth C. ‘Wasmundt

1

Joseph' P. Lamos

-

i1 8- CONTRACT OR GRANT NUMBER{")

‘

F33615-77C0043 o " T

-9 .

Denvr- Researfh lnst_xtute

~

PERFORMING RGANIZleON NAME AND ADDRESS '* .

10.. PROGRAM. ELEMENT, PRQJECT, TASK
AREA & WORK UNIT NOMBERSg,

HQ-Air Force Hunt

Resourccs Laboratary (AFSC) -

Brooks Air Force B

Texas 787 35

N

-.-

University of ljenver ™~ - “62205F . o
Denvcr, Colora\jo 80208 ) Sboi110221 . 0 ‘ .
[N CONTROLLING FFICE NAME'AND ADDRESS . e 12. REPORT DATE,

September 1978

13 NUMBER OF PAGES

34 7. b )

15. SECURITY- C"LASS (ol lhlarepor() o

,-»-, 1

s I TORING AGENCYJNAME & ADDRESS(” diflerent Lrom Conlrolllnﬂ Ollice)

/Wmn L R Unclassxﬁed o o,
Air Force Humnan: Resources Labomlory AR v ' - o
Lowry Axr Forck Base, Colorado 80230 . " ‘ 15a. ggézéggsn;cnnowoochmomc

6. DISTRl?UTlON‘STATEMENT (ol this Repor()A

“ . ) . ‘

Ve . . . . ) _ -
Approved for public release; distfibution unlimited. ' ¥ . ! .
- » A v o - e
. - : r ',/‘-‘ . : ! 3 ‘
- ’ ’ y <, ' ~ .
' . . . e . B -
' M7. DISTRIBUTION STATEMENT (0f the abatracet entered in ,Black'io,, it difterent {rom Report) - .
. o - . N } . - .
P ) . }\_\' " . N N ' ,
C oo s . . v ) s =
'8. SUPPLEMENTARY NOTES . ) ! i y ;
-, 3 B - ° . . /
e . i :'7 , . . J
‘ . - . , o/
. - //.
. . ‘2 k N y /-
19. KEY WORDS (Continus on reverse side i necessary and identily by block number) 1]

advanced instructional system
computer-alded instruction
computer-based instruction
computer-managed instruction
measurenient

. micro terminal
- responder
technical training

N

. 20 ABSTRACT (Conrinue an«rever‘ha side {{ necessary and Idéntily by black number)

Tm develbpment-of the ‘Air Force l,ﬂuman Resources Laboralory Mlcrolcrmmal is an effort. to-use the new
! nuuoprmcssor technology to provide a lower ‘cost’ student terminal which fun/cllons in the broader scope of
i wmputcr-bdscd instruction, including both Compulcr Managed: Instruction and Co’mpuler Assisted Instruction. The
capacity of the terminal.to work in conjunclion with- convenuona] media (pri 4 flmstnp, microfiche, etc.) for
presentation of information is a umquc feature of its design. Anolher kcy Teatur 1s a scparalc memory module for
stgring student responses and addmona] program logic. The memory module m)porlablc and removable from the
mitroterminal. The microterminal is a stand-aloge unit-but mterfaccs with a larger Computer-Based Instruction

system throtgh Lhc memory modulc The mlcro{crm(nal can support vVanous: lev%,)’_ of testing and has already been

.DD

FORM

v

1473

ral

. EDITION'OF 1 NOV 6518 OBSOLET& T

Unc Jassﬂ” ied

’ECURITY CLASSIF]CA‘T!ON OF THIS PAGE (When Data En(ered)

w o .

Low



O

ERIC

Aruitoxt provided by Eic:

Unclassiéd / v , ) [ A L

R A i - : B
SECURITY CLA‘SSIF/CATIQA OF THIS PAGE(When Data Entered) ; i o ) RN

. / .
ftem 20 Continued :

y demonftrated supporting Block Testing in teghnical training. The microtcrmin'al,Awﬁen used with
".conventfonally mediated instructional materals, can provide a low fevel of CAL This report reviews the background
of thé microterminal development, the -hardware selected for the final ‘design. classroom evaluations and a cost

an . / Lo
/ ' - -
! B
/ - &
.‘ ‘ )
- '!:, -
‘ ’
- N
N le !
- . . ¢
’ . S .
. 8
! hd '
. ¢4 \ /
7 & N e
.
. I R
+ ) t .y
‘ . 0
A o ¢
! . ’ ,
‘
N
: B ‘
! . a*
N <
<
s e
' .!
4 '
’ . ‘ i
' /
.
> N
-
b
. s ¥ ,
Ld -
N .
- ’
"
f
T
T Unclassified
. SE‘CURITY‘CLASSIFICATION‘VDF THIS PAGE(When Data Entered)
r : : -
;- ) ST o




SUMMARY . =~ B
Problem o . T ) L™ ’
—_— , . N - . \ .

For a. computer based instructional system such as the ‘Air Force
Advanced Instruct1ona1 System (AIS), a critical component is the com-
puter term1na1 © The AIS has two major types of terminals - a management
terminal anq a p]asma type imteractive terminal. Use of the management
terminal is dependent on the use of chemically treated and pencil mark-

- ed, mark-sense computer forms which are tonsumed at a rate of approx1-

. mate]y 1.1 million per year. The application of computer-assisted
instruction (CAI) is d1rect1y limited by the cost of the terminal since
for any CAI Tesson there is usually a reqifirement of one terminal per

- student. Computer-managed instruction (CMI) car handlé large numbers of

students with fewer terminals but lacks the ﬂeve] of interaction pro-

vided by CAI at the lesson level and. also has recurring:costs adsociated o

with the use of’ computer forms and - support materials. The development

of a microterminal is an effort to use the new m1croprocessor technology

‘to produce a stand-alone student terminal wh1ch functions in the broader

scope of computer-based 1nstruct1$n prov1d1ng a form of CAI in the

At the 1n1t1at1on of the .contract," "the four goa]s were:

' c0ntextfof CMI operat1ons

- 1. Design and develop a. final. conf1gurat1on which at Tleast takes
into, account stand-alone software capabilities for supporting block
L_test1ng portability (battery operation), and transfer of data to the,

computer site through a Type.B" Term1na1 1 , o \
, 2. éef1ne the exrst1ng A1r Force’Human Resources Laboratory
(AFHRL) prototype for production level numbers, and produce ten proto-

type- product1on ynits with a production cost goa] of approximately $500
per un1t in quant1t1es of 500 or more.

\ -

§. Perform a classroom study of the” m1croterm1na1 to determ1ne

its operat1ona1 eﬁfect1veness

c.

< .o - '
11

4, Prov1de comp]ete procurement manufactur1ng documentat1on ,
Approach 7 'Q . .o

"Through a series of meet1ngs with AFHRL and McDonne]] Doug]as per-
sonne] the controlling agency and contractor,: respectively, of the
Advanced Instructional System (AIS), ‘the, human factors were defined- and
“the mechanical and electrical character1st1cs of the microterminal were
‘selected. Thus, the final design benefited from the 1nput of educators,
psychologists, engineers, and potential microterminal users., A cont1nu-




L T *

al review of new hardware components~and software heeds was expected to
result in a final microterminal configuration that would represent an’

'k‘;: up-to- date, low-cost terminal which would .prbvide: dynamic, objective

type, response hanleng capab111t1es for support of ‘testing and 1nstruc-
t1on .

~

~ Resu]t . s - .

The m1croterm1na] was evaluated ﬁnd proved acceptab] for student
test tak1ng in ‘the’ ‘AIS Weapons Mechanic¢s Course. Cost Aralysis 1nd1cates
&) t%at the microterminal chn be produced at a cost of approximately $500. °

pgr unit in quantities of*~500 or more. "“In addition, the ‘development of :

a \removable memory module proved. to be an instructional and administrative
benefit of the final-design. ~Evaluation of the microterminal showed an
almost unanimous %reference by students for answering test items with a =
-microterminal rather ‘than a computer test form. Unexpected1y, evaluation
results also~showed that use of the m1croterm1na1 resulted 1n significantly :
better test scores.

9 - L .

Conclusion - . o /o

]

The m1droterm1na1 offers an, e]ectron1t so]ut1on tOvﬂnstruct1ona]
testing and opens up avenues for firther app]1cat1on within the Air. Force
The microterminal o%fers a cost-effective mechanism for administering -
tests in a computer based instructional. environment. Further. app11cat1ons
are seen in support pf off-line individualized training materials for wh1ch\

- the microterminal wgﬁ?d add dynami& resppnse handling capab111t1es, thus ‘
prov1d1ng a 1ow—]ev 1 form of computer— SS1sted 1nstruct1on (
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3. - Individualized ‘insthyiction which atgefy ts.t55hatchjstudent needs with
“Anstryctiondl resourced produces testing and adminjst¥ative requirements
‘that geon exceed the anagéhent‘papabiﬂities of a traditional instructional
system. - Recpgn1zing this situation, ‘the' Air Force undertook the develop- o
=ment of a COmputer-based sy'stem Which wolild take,-advantage of the evolving '
, educational technology ﬁnd‘éfi]1§Pr0Vide operationaj, cost=effective
C.individualized instructifn, -~ = 0 v ,/ Al &5 .
' ) - ' ) Vooudl

©. " The Af;€F0¥¢e prﬁgrSm-ggﬁiéd the Advanced Instructional Jystem (AIs) 4
.. (Rockpay & TMasutake, 1974) ytjliz€s both’gomputer.managed instruction)(cM1)-
rand computér-assisted’ingty clion {CAT) 1o  achieve this 90al. "Conventiop- *
~ally, ‘CAL is.considefied tgfpe an intensive of-1ipe interaction between .-
- student gMd- campUder lasting over extendedfperiods of -time, while CMI pro. ..
““vides guidance for instriction WT‘E’iﬂf ttent interactions between com- =
puter and student.” With 5 proper-baldde/between these two, often refer-

red «o. as Computer-based jnstruction (CBI), the A7S has been able to
;EcapitdliZ£~°"'th§+3d¥@ntagesxgi'quh educational igchdique (Lamos, 1977).

.+ * Inherent: within th&.%ncdrbbfatfb;f{; dny two systems are the tradi-
. tignaT problems of redundancy, duplication-of efforts, #hd the adaptation
© of/unnecessary features which:detract from the.overall performance\/" . -
dbjectives Of the new product. - Within CBI, this is considlered to be that
“*area where the’'highér costs 't CAL (COSt per sfudent) make the operation , '
of the system’cost prohibﬁtiSEﬁ;ﬁf%¥hen CMI‘TTmitatioﬁs do not allow the -
.-CAI*?eatureS“fa be utiljzed to tReT¥ full potential-. In terms:-of hardware, . -
’ f0r~examp1€».0ne,of\thq/major costs in most CAI Systemgijs the interactive .«
. terminal. With.nearly § 771 ratio of terminals tp students for CAl, the
present initial capitalization of equipment cannot often be justified over
tradjtional foyms of. instrudtion- «On the other phand, if '3 system is designed .~
-to be eptirely CMI,.%here are many,advantages of-cAl which annot be imple-
meénted within the sysitem; Trys, the primary-objactive of any CBI system js . -
“"to match the major benefi'ts ¢f both CAI and CMI wjthout allowing one’'to .
gainvprexedgnce over the gther at the Cost of deﬁ?ating the original objective-

*

L]

»

[ -

In/the AIS, this prgcess of matching the trade-offs between CAl-and . -
CMI s an on-going efforg,. Most recently, for jpstance, that pprtion of
the vAIS.l"é]a_ting to the M hagement of fT_xpe,,B"tenh,inla]:was investigateds, —
This termind] s designed pfimari +ds a means to grade student tests,
“relay this Information tg the central site, and fhgi return a prescription
- to ‘the student. It is made up of an*obtica1‘mapk ‘r.(‘e,:.“;]ei_(OMR),o a .. -

! h \ . . . . - o « . ‘ ;
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ment expense. At the-same time, the. test forms u in the AIS-were -
giso-being investigated. In the latter case, thousands of test forms - *
were being used each day, and at a pér sheet cost of approximately 3%
-Gents, this also represented a major operating’ expense for the AIS.

?.ffg*'Based'dn'this‘infbrmatian;»the Air*ForGt‘Huﬁé R SouréeéetaDOrétory
.(AFH'RL) Technical Training-Division at Lowry AFB began to consider .

~-ajternatives for portions of the. Type'B terminal and'the .paper test’

o

" forms. The corgept which evolved was an electronic responding device,

Jor microterminal,- which would take the place of Paper tests ‘and thereby
‘bypass the QMR in the Type.B Terminal. -In 1976, a prototype was.com-

=~

» plete® and'SQCCEszully'tésted by AFHRL Kirbyh&’Gardﬁer’.1976).h

AN

.Originé] Design o o | i o o ‘ ‘ _ } 1‘ | _ \\ |

" of the students indicated that théy preferred the électrons

- 4MICROTERMINAL HARDWARE CONFIGURATION - >

' The or(gina] device developed by AFHRL was referred to as a "stu- s
-dent responder." It consisted of a keyboard, several hexadecimal dis- = -
play elements. (0-9 and-A*F), and a’column of individual message display -
lamps all of which'were interconnected directly to ‘a-central computer.
through an intefactive terminal. "Although not. satisfactory as a final, * 'x.
sable device, this configuration.was sufficient ®o obta?n\i%:gYmaﬁion

GZn a favorable desjign and to-determine the potential.applicatien of. the..
device. -~ . - B : : e ” '

. -~ * R ~ .

(Lamgs, 1377) were given-a programmed instructiqnal Tesson with test.
- While ne significant gains in performance were nbted, the students
covered the material in 30 percent less time. In additij

~ ‘During-the éva]dation‘beriod,h50"students &:’é1a§SES'at Lowry AFBﬁ_‘-

K OVé} the traditional computer paper-and-pencil test form. -

" "It.wasvalso‘détermined during this eva]uatipntthat an e]éctfonjc.
‘responding device would be feasible only if the lnit could operate in a

"~ "stand-alone" jode. . Without this feature, tggy}espbnder would require

continuous ‘intéraction with a large central cofputer--a costly feature _
to implement and .an undesirable situation when the cemtral site was not
operatienal. “Likewise, it was also determined that the responder should
~ have the interactive a"d?dynamit-respdhse-tapabi]itiethorma]]y associ~
ated with a cathode ray tube (CRT) type computer terminal, as well as °

- the ease of use which is.associated with electrodic calculators.c In

.  Lo R : %;f o ? o o

order to give it this capability, a complete microcemputer was incor- v
“porated into the responder.. With this change the unit became known as ;.
 the "microterminal.* v | _ . = Known a3

. . .
- i : R .

mintepiiber and ‘a printer, @nd it came. under 5cG§§g?Y¥a§”a‘ﬁajénﬁequip?~' v
e ils

«
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4 The or1g1na1 AFHRh\prototype m1croterm1na1 ut111zed the Motoro]a
M6800" m1croprqgessor with a»1024-bit randdm access memory (RAM) and. s1x .
4096-bit’ programmable -read-only memory (PROM) chips.” As illustrated in~ ¢ -,
Figure 1, this prototype featured a 16-key keyboard, 14 display Tights '
to 1nd1cate directive messages, &4nd four hexadecimal, display units for-
answer ‘feedback, etc. The. eléctronics associated with the microterminal
prov1ded feur test strategies with up to 900 test ifem keys permanent]y
- stored and.a capacily of up to 250 test items for which a student's

" response was temporarily $tored. TheSe “four test strateg1es cou]d be -
» presented in any -one.of the following schemes

K]

\jl.vb'L1near progess1on with no response feedb k

C2. Same .as #l w1th Yes/No response feedback

< o - . ™ [ L e

3. - Same as #2, but the student remained at the 1ast test 1tem !
‘ ! ) ,unt11 the correct response was g1ven '7 S : e
4, . Same as #&; but the student could be given a\FEtEEEAZh in-
’ corréct sponses until all: 1tems,were answered correctly
: A
Informat1on entered by the student in the prototype m1croterm1na1
‘was' limited to manual ‘retrievall = In the instructor mode, i.e. , depress-
-4ing a special sequence of keys, such information as the student ] éSN,
test booklet numbex, student score e1apsed ‘Time’, and_responses toreach 4 .
" auestipn’could be retr1eved Coe Y T, T LT
e ” L. . X v
Interface Eva]uat1on R ' - = '
In 1976, the Qenver Research(Inst1tute (DRI) undertook a study to” -
" determine a hardware -interface which would enable -the microterminal to :° '
:transfer test data directly ‘to .the AIS-central site (Wasmbndt Steffen, - .
& Kargo,.1976a,b)- This effort involved the 1nvest1gat1 n of hardware, = -
software, and 1nstruct1ona1 support functions of the progotype and, the C '7
,1nteract1ve and Jype B terminal. 1nterfaces Thev Fecommendat+ons. from SR
that study resulted.in an interface for the m1croterm1na1 between the -/
" Type B terminal and the centra] s1te ' -HJ»~3

l

LN

N B

o

- The mod1f1cat1ons made to the prototype to effec{ this change

consisted.of additional support circuitry, primarily 1nput/output (1/0) »

* -buffers, and several software changdes. { In the latter category, the I/0 - =
format was instituted, and the calculationand display of final tesi R
sctores and/or ‘transfer of test. answers'to ‘the AIS computer v1a the Type, S

- B term1na] was. made ava11ab]e




‘

An additional feature which was incorpoyrated at-this time-was the
provisidn'tor a redundant check digit in the test booklet number.. This
helped prevent the student‘from ‘inadvertently entering an incorrect
number. ‘Also, the time required for the stygent to.complete the test
was measured and made available to the instyyctor or the Type B ter-
minal. Figure 2 reflects the'basic outline of the "initial" micro-
terminal: . e

. Applications Study - .

During the early months of 1977, under the present contract effort,
DRI initiated an applications study of the mjcroterminal.. The purpose
of that study was to determine a microterming] pPototype design which -
would have the capability of meeting most of the present and projected
needs of the'AIS. In order to identify these objectives, a serjes of
meetings were held with AFHRL and McDonnel] Doug]as"personnel, A tour
of the ‘AIS courses was then conducted and possible areas of appjjcations
identified. The applications categories teptatively identified for the
microterminal were as follows. ’

1 "Existing" microterminal appljcations-

2 "Extended" microterminal ‘appljcations-:

3. Adaptive testing. :

4. Adaptive instruction. ‘

5 Uses with external-microtermipng] 1/0 control,
6 Performance training. . -

Under the category of "existing" microterminal @Pplications it was
recognized that the hardware and software features'ofvthe‘”existing“
prototype placed limitations on the future applications of the device.
. For example;, with the prototype, a typical testing Scenario was jimited

to the following steps. ' - P

Step 1. © Student enters his social secyrity number (SSN),

Step 2. Student enters the test booklet number (containing in-
; formation required for test agpinistration, i.e  “npumber
of questions, test key, and feedback mode).

Step 3. | Student answeérs all questions in the order requested by -
the microterminal. ,

Step 4. At the end of the test, the stydent takes the micro-
. terminal to his instructor or to a TyPe B termina] for
evaluation. ) S
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" One of the objections,raised'by students to this scenario was’ that
there were ng provisions for altering the linear presentation of the

test questiops. It then fo]]owed that this could be reso]ved by modify-

1ng several [features of the"existing" microterminal and ' extend1ng"
features which would allow the student to change the order in which the
questions cpuld be answered. These" mod1f1cat1ons should, therefore
prov1de theff0110w1ng test features.

Non linear progression testing, whereby the student would be

able to alter’ the order in which questions were answered.
xa ,

.\1
)

'he review of answers "to prev1ous quest1ons

o

I FCHN S

" means to alter the answersg

. InQEdd1t1on to -these changes which were pr1mar11y 1nvo]ved‘W1th
the software, various hardware modifications and additions were consi-
dered at this time. These changes, which would supplement the software
changes, were also- cons1dered as factors in the reduction of hardware -
costs. A 12-key kzyboard three hexadecimal dispTay digits, a reduction
in RAM, and a batt ty powered RAM were suggested as additional. “extén-

sions" of the ' ex1§t1ng“ microterminal.
Another factor.cons1dered in the applications study was that of
test secur1ty Because a Targe number of #ests must be given in-the

AIS, and since students have shown great skill in deciphering test keys;‘

it was recommended that an 1ntegra1 pseudo-random number genefrator, ‘with
- a wide variety of test patterns, wou]d be more ‘desirable than the orij-
.ginal test keys possible with the “ex1st1ng” microterminal. This type

~ of test generat1on would be structured within the ‘AIS when the in-

structor first requested a test booklet number for a new test. At that '{

time, the AIS central site would generate-a number based on the type of |
course, block test number, ahd the number of.questions supplied by the-
1nstructor The capability to decipher this test booklet number and
score the tests wou]d also be a requ1rement for an “extended“ m1cro-.'
term1na1

]

The ab111ty to administer f]ex11eve1 adapt1ve tests was a]so con--

: s1dered a desirable app]1cat1on for the’ "extended® microterminal. Ing

adapt1ve test1ng, an a]gor1thm is devised which testS “the student on- the
fewest number of questions possiblel The theory is that the adaptive-
test score would have a close correlgtion to the test score which a

- student would rec&ive if all questions had been answered. In flexiTevel
“adaptive -testing, the questions are ranked according to d1ff1CU1ty--the
first is the easiest, the last the most difficult. When. 1ssued a test

'f feedback was not prov1ded the student should be prov1ded a'



'
r

;to a moré diffijsult question; for incorrect re

. student rather than to measure the student's achievement, the software .-
 deffands that would be’made on'.the microterminal-for precision of mea- -
- surement are greatly decreased. . : _ e N

~_projector, an external memory, or similar devices. However, it was ¥ -
-recommended in the applications study as impractical to simply extend

+.termynal, partly because of %he number of lines involved (about 40) and

~available only at-an external Gonnector mounted:on the microterminal.

e
’

the microterminal could start the student at the middle question. For
each correct answer, the student would.be directed by the microterminal -
Eponses the process would
be reversed. With this capabi?ity the microterminal could provide an-
economy ‘of $peration that is difficult to'duplicate with conyentional « ,
paper-and-pencil testing. . s, PIREN

- The reguirements/ of 'the .microterminal for adaptive instruction do’.
not -vary greatly froM those required for -adaptive testing. In fact,
adaptive ‘instruction may be considered an-extension of adaptive testing,.
but with self-explanatory questions. At the end of an instructional

' sequence, students answer questions.regarding the material which has"

just been covered, and branch to material which is either more or less

- difficult, depending on- the correctness of the response. However, since"

the object of such an application is to mak# the material conform to the

K ,The_use‘df'an external microterminal parallel 1/0 control could
furtherenhance the applications of the device by providing the capa-
bility ﬁbxcommhhicate with an external device, such as a microfiche>

thepicroprocessor data,” address, and control bus outside of the micro-  /

partly because of the danger either of electromagnetic interference with
other devices or ‘damage to the microterminal’ if the bus was >improperly
used. It was therefore suggested that.another programmable -interface .
adapter be added to the microterminal with its external I/0 -1ines bein

This was suggested' for, addition to the existing hardware at Tlittle
additional cost. - = ° . :

Performance training was briefly considered as an area fdh evaliya-
ting other potential uses for the microterminal>’ This remained largely

‘already discussed would require significant additional capabilities

-

undefined, except that it appeared that Eny applications beyond thjZe

For example, the keyboard is limited to swumeric input, plus a few func-

tian keys, so that ‘constructed answers are not possible. Similarly, the

dfsp]&y has limited capabilities &o that any communication with th -

.student, other than feedback verification of answers and simple .inr
-structiods, mist be via indexing through a conventional media, ,sudgh as

textual material;or microfiche. Finally, such an application as pef-

- formance training would probably require special programming- to handle

each device for which training was desired. Thus, this particular

application was not recommended as immediately suita‘b]a . for the icr‘o-;

terminal. ..

S
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a number of quest1ons wh1ch applied- to the effects of .incorpprating the s
microterminal into the AIS. Most of these quest1ons dealt with the
ability of the AIS to accept these changes: h a minimum of E1terat1on
to its ex1st1ng framework. For examp]e a]] pplications of the .micro- :
term1na1 require some modifications of 'the courseware, but it was found R ¢
" that these could be accomplished by treating the new~port1on -.0f the

_courseware as an"alternate module or/test. Similarly, the students
could be trained .in the operation of the m1croterm1na1 by 1ncorporat1ng
1nstruct1ons into an ex1st1ng 1ess n. modu]e L e

s 3
v s N < B

i . ~ 4 1 ‘ ,\\ .
In add1t1on to these poxzts the- apé11cat1oqs study a1%§ considered

The support requ1red for op at1on of the m1&roterm1na1 was, a]so
considered in thé app11cat1ons study.. Fa11ure in the.system, for in-
-stance, would require a’ manuaT ackup system. ~If a failure occurved in
a s1ng]e m1croterm1na1 ‘then "tfe. student wduld he forced to start over
.on anoth m}croterm1na1 d1tHough ‘adaptive instruction might be able to '
cont1hue froi. some cheékpo1n father than from the beginning of ‘the o
test.: In any case, a maintehance-contract or a repair. fac111by w1th1n :
the. AIS would be requ1red tp deal with the.problems as they arose. .

Other: types of support would also_be requ1red but except for the micro- o (
‘terminal power supp]y, th1s was within the present cépab111ty of the ' S
AIS LT - o .

Cost’ Cpnsiderations e ', . '_ o

£

Three maJor changes to the original prototype m1croterm1na1 ere
considered .as.possible advantages in the design of the "extended" micro-- .
 terminal. These were the inclusion ‘'of ap external parallel I/0 con- A B
“nector .with the associated electronics, gheladd1t1on of an external o {] K
‘ memoiy modyle which could be 1nterfaced via the parailel I/0 connector” v
and”a; power supp]y 1nc1uded w1th1n the m1croterm1na1 : )

_ The ¥1rst change, that of 1nc1ud1pg a para11e1 1/0 to the.micro™ .
term1na1, provides the, poss1b111ty of interfacing the microterminal - to
other dev1ces ~such as a microfiche viewer qy cassette tape player.
This chéngé wou]d also make it possible to cons1der an external memory
modulé which could be used tof record all information that was to be
transferred to-the AIS central site. Theréfore, if the microtefm
was_not physically required fér - the transfer of test informatiof to the
AIS, it would not have to be transported from the study carrel
Type B terminal by the student Fhis would further make it possiblie to
enlarge the microterminal enc1osunb to include the third change, -that - )/}
is, a se]ﬂ contained power supply. . The combinations which may resulty '
from‘the?e changes ‘are outlined Ln Tab]e Jd.

.« Q.
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\\ .Table 1. Possib]e‘mitroterhinal changes.
B ﬂ ! o

Parallel Se]f-Contai%ed Interna1 | EXterna]
. 1/0"Port = Power Source : RAM .
Type 1 No No s .-
_Type 2 Yes “ - No | _ i -
‘Type 3 Yes-;'. : “;No f .»?<;7Yes
| “Yes . v.‘Yes

Type 4 © Yes . . Ye

A pr1mary cons1derat1dZ ih.comparing the four types of microter~
minals was the probable coét of .each. As 1nd1cated in Tab]e 2, the '
range of approx1mate1y $100 between Type 1 and Typ%.4 was” s1gn1f1cant
On the other hand, the added features of the.varigus types did not . -¥
appreciably affect software costs as these would a one-time develop-
‘ment expense. - As long as additional PROM requiréments were held to a

" minimum,- the added software efforts for each added feature appeared to

be a worthwh11e 1nvestment

/ N

In comparfng\the suyport requ1rements for each type of microter-

" minal, it was evident that there were some offsetting cost savings in

return for the add1t1ona1 1nterna1 power sUpplies.~ In fact, the addi-.

- tional expense of. an 1nterna] power supply for the Type 4 un1t is nearly

offset by the reduction in cost of support1ng the other types with an

installation of external power sdurces and ssoc12ted w1r1ng to study,
u

carre]s the added expense-of the internal power $upply is tnsignifi="
ca o ’ ' : ' o

NP

-’

A]though not reflected in Table 2, another conf1gurat1on of the {

microterminal was suggested. This wou]d sbe the installation of a power

supply and internal battery source to 'power the internal RAM while the
student is taking the microterminal from a carrel to a Type’/B terminal.
However, this configuration would be cumbersome in some respects, since

- the m1croterm1na1 would not have the required portability des1red for

such usage--due to. the added weight of the unit--and ‘would further

', introduce an increased shock hazard by requ1r1ng the student to connect

and disconnect the 110 volt power source.

} - The cost’ d1fference between Type 1 and Type 2 units versus the

added capability of a Type 2 was such that it appeared well worthwhile

to include the feature of I/0 capability. The only remaining decision,

then, was whether to include the memorx module. 'To.res@lve this ques-~

o
\\ 3

S | AT

s external source. When also considerj at the future poss1b111t1es of
i :‘the microtermipals could be great] increased by not/requ1r1ng the o

1\’

- .
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tion, a study of maintenance and pred1cted T1fe of the m1croterm1naTs
} was performed In making t*is cqmpar1son,.no s1gn1f1canf‘d1fferenc
could be identified withoutralso including the addition. or, deTet1on?;f
an internal power’ eppp]y That is, without cons1der1g§ a memory module,
an -internal power-supply was undes1rab1e due to the portability re-
qu1rements that would be "imposed on- the m1croterm1na1 Thus? a decision
.(was made to- compare the Type 2 m1croterm1na] to ‘a Type 4 m1croterm1na1 '

5 " The resu1t1ng d1fference in. est1mated cost between these two types.
'was $80, or, for a quant1ty of ‘500 units, approx1mate1y $40,000. The = - .
" ‘implication” here. was “that the Type 4 m1croterm1na] would need a\useful e
life 19% longer than the Type 2 in order to. justify the cost d1>§§ren—.
tial, unless swgn1f1cant differénces in support costs could be re Tized. -
It was then further estim d that the elimination of an’.extefnal power
saurce and its assoc1at whring to study carrels woqu result. in a cost
‘ dEfference mone ‘6h the order of $55 betweell the two typgs,, his would
- then result -in“the requirement-that the Type 4 unit h ve a-useful Tife
- 12.8% anger than the Type 2. _ ? o

The des1red T\fe of a microterminal is approx1mate1y 5 y From

~this,- the required ﬁ1je of a Type 4 unit would need. to be app ox1mate1y
8 months more than that of Type 2. But, since the Type 4 does not have
to be carried between “a student carrel and an AIS Type B terminal for

" the transferral of student information, it is expected that a reduction
~in malfunction, due to droppage and m1shand11ng, would Be, realized.

~ This cost d1fference of \55 woqu then be made up in maintenance or

: repTacement parts expense. B :

‘4 ) ..\, ¢ A R ) ..

- By construct1ng the memory modules in a manner that can accept this

. eﬁﬁected buse by sg Zents -and by be1ng able to maintain the microter-.

als in/fa station pos1t1ohi,the additional expegnse of the Type 4

-"unit could be recovered over t¥He life expectancy of the ‘devices. When

~also. considering that.the configuration of the Type 4 lends itself to -

- more flexible use in extended app11cat1on§ﬂvthe cost d1fference between
the two types is not S]gn1f1cant : .

_ The selection of a Type 4 unit, w1th memory moduTé was also inves- .
tigated from an instructional and adm1n1strat1ve viewpoint.. In this.
case, one of the most apparent advantages of.a memory module un1t is the
ease with which it gan be stored, Equivalent in size.to about two
cigarettes. packs laid- end to end, the logistits of, contrelling 500, or
more, memory modules is Tess d1ff1c 1t - than that requ1red for 5QD—m1cro-

- terminals. Another factor in favor: of the module ‘was the cost of pro--
ducing additional units.# Since a surpTus of modules will undoubtedTy be -
required, espec1a11y during per1ods .when- the central site is down, the
cost of doubling the number of modules, as opposed to ‘doubling the .
number of m1croterm1naTs is cons1derab1y Tess Down:lne\assoc1ated
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with_the central site also/made the memory module more appealing and .

- practical, becduse the student: could continge .with a. test. When com-
pléted, the instructor coutd Pmanually" score the memory module on an
"instructor microterminal{ make the next assignment, and then save the
module for Processing when the central:site was, back on. line. - IR

-~

{ )

.

In this case, if the micro--

e

A final point.ip favor oﬁ;phe‘memOry)mddule‘i§ related to the
r,'extended‘app1icat?oh“qf~thezmicrotermina],-'
terminal proved satisfactory as'a testing device, ¥t could also be
extended for;use.in,cdrréspOndeﬁce cOurses,andf'n-the-'ob’trafning'v
- (0JT).. With a microterminal on. hand at:éach'iﬁsta]]éfi%n, or accessible
» to field units, memory modules -cot1d ‘be. maited batk -and forth to central. -
" loeations.as an alternate to direct communication 1inks with remote. "

a

- .terminals and when time is not a factor. = i i ) .

v’ As stated earlier, one of the oviginal objectives of this project
.+ was to develop a'microterminal whose.‘per‘unit cost would ‘be ‘$500, or o
~ ‘less, 1n quantities of 500 or more, and, the Type 4 unit Fulfills this :

objective. This cost goal had been previously determined from an anal-
ysis of the present costs of the AIS paper-and-pencil test forms ‘which
the microterminal would replace. In.an‘earlier study, the cost .of paper
“forms was determined to be approximately'$367,500 over :a 5-year perio
(based on 30 forms/student/week over 50 weeks, an average enrollment pf
1400 students, and & cost of'3.5 cents per paper form) {Gray, Steffen), -&
" Wasmundt,.1977).  Extended over the -same’ period, ‘500 microterminals: at’
$500 each would resylt. in anet initial expenditure of <Some $100,000
"Tessy . By further considering the capability of the microterminals to
administer ‘adaptive testing, it was also believed that further savings
could’'be achieved by reducing test time and ‘the normal. administrative: -
ﬁequremenﬁs of protessing_the'teSt’data.‘ Therefore, it was . agreed - that
the final design config®ration of the microterminal should 'be one which:
has the Characteristics of .the Type 4 unft. i = .~ = :

RS
‘ Yo
s

Final’ Configuration R . 4

N ]
1S
b

o 'During the fipal-‘design stage, the selection of hardware and the -
structure of software were modified due to technological advances which
ook place during the developments period and because ¢f consiierations

~given to human factors in the dse of the microterminal. In the latter |

.. case, the' final configuration, as. reflected in Figure 3, was selected
with the goal of producing an "electronic test form" which duplicated as .
many of the inherent -features of a paper test form as’ was possible. . In
this regard, student: use and acceptance of the device wdu]d*be]iﬁproved‘;_
“if answers could be skipped, reviewed, and changed.” In order to- limit
student cenfusion and frustration;: every attempt'was also made to design
the microterminal so that each action by a studént would. result in a
recognizable reaction by the microterminal. Such respghses as erroneous

N .
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key depress1ons (answer1ng~a quest1on with:"8" rather than'"B") would
cause the display to flash -a question mark; or, the depression of any
combination of keys would not cause the_chroterminal to become non-, -

. functional. Similarly; the student is required to confirm each answer
‘_by'depressjng;either ENTER_(togVa]idate) on-CLEAR (to void) ] v

The Tlocation of indicator: lights, “the m1croterm1na1 enclosure, and

| tactile buttons for the keyboard were also selected w1yh.student ‘use in
mind. Several layouts were discussed on these subJects and agreement
v.reached before proceed1ng further..

-~
P

’f; the case of hardware, new products Were substituted for or1g1na1

selections when it was found that their substitution would improve

. _performance ‘cost, or-both. For example, a four-digit, low power alpha-

- numeric display. became available during- the contract per1od By sub-
- stituting this for- the four-digit 1ight emitting diode display, short
messages, such as "Yes," or "No," could be presented to the student.

‘vFurthermore the 64-character ASCII set, as well as punctuation symbols,

could also be- adapted for-wvarious messages. With this extended capa-

bility, it was possible to reduce the LED message lights “from 16°to five .

.and tovadd four additional co]or-coded LEDs for poss1b1e adapt1ve 1n-
struct1on app11cat1on§

Pr1or to .the f1na1 des1gn Motoro]a a]so introduced the M6392
‘microprocessor unit.(MPU) wh1ch conta1ns 128 8-bit words of internal .
memory @nd an-oscillator. - This modification reduced both the component .
count and the power requ1rements Also, a PROM became available which .
contains 2048 8-bit words, but required no more power nor space than did
- the original 512 8-bit word PROM.. Thus, with a provision for three of

these un1ts, ‘a capacity’ of 6144 8- bit words of memory was achieved.

W1th the add1tron of an 1nternaJ power supp]y, it was also possib]e
to deve]op a 1-Hz: clock for timing purposeg from the 60-Hz AC 1line.
" This resulted in a significant reduction ih the ex1st1ng t1m1ng c1rcu1t
,'wh1ch had previously used a 1-MHz osc111ator '

Cons1derab1e effort was a]so expended on the design of the memony
module. Enclosed within a ruggedized high .impact plastic (F1gure 4), i
a comp11mentary metal” ox1de sem1conductg§ .(CMOS) randdém access memory

\-'(RAM), which is powered by a miniature. 50- m1111amp hour nickel-cadmium

battery. When the microterminal power supply %s on, the battery is

recharged; when removed from the microterminal, the module battery is

" capable of powering the memory for sufficient per1ods of time without
~1os1ng stored data (up to 20 weeks. w1th a fu]] charge)

LS

/.

*  The f1na1 conf1gurat1on of the m1croterm1na1 with memory module in .

;p]ace is illustrated in Figure 5. A close-up of the display pane1'

a
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(Figure 6) demonstrates t’at it was designed so that the 1egends cou1d
be changed on both the «commands and keyboard for other applications.
Figure 7 is the microterminal w1;h the top case tilted forward for ease
of ma1ntenance and repair.. .

\‘,‘
I e
? 1

Classroom Eva]uat1on .‘ o

From ‘16 January to 3 February 1978 the m1croterm1nals were oper-. .
ated in support of Block 4 testing in: the Weapons Mechanic Course at-
,Lowry AFB.- This block test consisted of 15 multiple-choice items, ‘with
two a]ternat1ve tests ava11ab1e “and ‘was superv1sed by AFHRL personne]

The primary purpose of the evaluation was to determine’ the re11-’
ab111ty, ease of use, and acceptance of the microterminal in a func--- -
‘tioning classroom situation. Students who used a microterminal followed
a8 typical testing procedure. Upon entering the test center, each re- "
ceived a standard test booklet, plus-a two-page set of operat1ng in=
structions on the m1croterm1na1 Individual assistance was given. only ‘
if the student requested Such assistance. Following the written direc-
-tions, along with the displayed.directions.on the microterminal, the
student responded to test questions via the microterminal. When the
student comp]eted the test, the memory module was then taken to the Type -~
. B term1na1 in the ~same manner requ;red for computer. test forms. S

Dur1ng the eva]uatron per1od 123 students used‘the m1croterm1na1
and there was,only one significant malfunction.. This was caused by an
unusual powerline fluctuation, which was corrected by unplugging and
rep]ugg1ng the microterminal 1nto the wall receptacle with no effect on )
the status of data in the memory . e

To assess the reaction of students to the-use of the m1croterm1na1
- the questionnaire in Figure 8 was administered. The percentages ref]ect
hdw the 91 students who had only written directions on how to use the
microterminal reacted to the microterminal. As can be seen, a 1arge
percentage. preferred the unit to a genera]1zed ‘computer test form “and .
‘found it quite easy to use. Item 10 was used to elicit open-ended
comments from students. Forty-nine percent (n=46) responded with some
comment. Of those, 20 expressed a general 11k1ng for the device, seven
felt that the m1croterm1na1 was faster to use, 12 bélieved it was easier -
to use or allowed better concentration on the test, and seven registered
~a-mihor complaint. 'Of these Jast seven, six, had 1nd1cated a ‘good op1n-<,”
jon of the m1croterm1na1 on. Item 1. : ‘

. Fo]]ow1ng up on some of the comments made about the m1croterm1na1
two additional-groups of students were evaluated. Students as they came
i to the testing room for taking a Block 4 test were a]ternate]y ass1gned
to responding ona computer form (Group 1) or to responding on the
m1croterm1na1 (Group 2). Those in the latter category were given pre-

-
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' Figure 8 L
STUDENT QUESTIONNAIRE e o

- M1croterm1na] Use : T -
(N = 91, Students Read Instruct1ons) o

1. What is your-opinion of the m1croterm1na]7

~ -

o &’
91% Good . -Bad 9% Indifferent :

~ 2. Which wou]d you rather. use for answer1ng test quest1ons throughout
the rest of the course? :
- L . r"

91% Microterm\nal : 9% Computer Test For

3. Did you feel nervous ‘using the microterminal? - 11% Yes 89% No

<

4. Was the microterminal d1ff1cu]t to use? 1% Yes _99% No

5. Did you fee] that you were restr1cted by the m1croterm1na1, as -
compared to-a test form, in the way you could answer test ques-
tions? - o o 5% Yes 95% No

6. Over the Iength of the course do you th1nk that you wouId have Iess
problems ‘using the m1croterm1na] and its memory module than com-
puter test forms? R 65% Yes 9% No

: 26% No D1fference

7. Were the d1rect1ons indicated by the lighted messages on the. mi-

croterminal hard to fo]]ow’, o 1% Yes _98% No
“1X_ Marginal-
8. Was the d1sp1ay area of the m1croterm1na] easy to ‘read? <

99% . Yes 1% No

9. Was us1ng the memory modu]e at the management terminal as easy as
' us1ng a test form? _ o 96% Yes 4% - No .

-

‘10§ In the space be]ow please ‘indicate any other comments or, sug-
gestions _you may have .about the m1croterm1na]

)

3L I
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gﬂ 1nstruc€ﬁon on the use- of the un1t in order to- e11m1nate any "learning

[}

curve" time element. Comparing time and score data between the two
groups produced the results shown in Table 3. - Group 2, the pre-
instructed microterminal. users, averaged a fast r test cgmp]et1on time
(9.7 minutes vs. 11. 3 mﬂnutes) than Group 1, thé computer form users.

" This difference was statistically non- SIgn1f1cant The m1croterm1na1

users had a higher test score average (92% vs. 85%) than the computer’
form users and this d1fference was, stat1st1ca11y s1gn1f1cant

An expanded quest1onna1re was then g1ven to the second group of

- microterminal .users. The results are reflected in Figure 9. Of this

second group, 100% had a good opinion of. the device, and 97% preferred -
its use‘over a computer test form. Twenty- four students responded to
either of two _open- ended quest1ons Their general comments were ‘as
fol]ows : ' ‘

,r):“14 (44%) expreésed a genera1 1ik5ng of the device'
o 6 (19%) spec1f1ca11y stated that the unit was faster to useL

0. 18 (56%) spec1f1ca11y stated that the microterminal was easier’

to use. or a]]owed better concentration. S
2

"o .4 (13%) expressed a minor complaint.’
Figure 10 is'a se]ectedisampie Of student commentcs .
‘To eliminate the poss1b111ty that the better performance of ‘the

microterminal users wad due to better general aptitude, in spite of the
apparent]y random assignments, both a d1scr1m1nat1on\ana1ys1s and an

"analysis of covar1ance‘(ANCOVA) were performed. The discrimination’ .

analysis was used te ascertain whether or .not the form users or micro- -
terminal users differed on any of five preassessment var1abﬁes which are
used as measures of general ability.. Only one variable, reading com-

prehension, significantly discriminated between the groups. “When th1s'

' . preassessment variable'was used as a covariatei the ANCOVA showed that 'a

- are tabulated in Table 4 ' » A

‘s1gn1f1cant main effect (P < 05) still existed between microterminal

user scores and computer form user sc0res The resu]ts of this analysis

“

With respect to the 1n1t1a1 “purpose of the evaluat1on to determ1ne o

whether or not students would accept the use of the m1croterm1na1 and
whether or not the m1croterm1na1 ,was easy to use, the data gathered
definitely show that students prefer the- m1croterm1na1 over computer z
test forms. Time and score data further indicate. that there is merit to .
several student comments -that the un1t is a faster way to’ respond to

25
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10.
v gest1ons you max haye about the m1croterm1na]

Figure 9 ' —
STUDENT QUESTIONNAIRE

M1croterm1na1 Use - : E :
(N = 32, Students Pre-Instructed) - ‘

. What is your op1n1on of the m1croterm1na]°

100%_ Good Bad - ___ In/dif'ferent

.. Which would you rather use for answering test quest1ons throughout

the rest of the course?

~

97% M1croterm1na1 - ,3% ’ Computer Test Form

Did you feel nervous using' e'microtermina1? 9% Yes 91% - No

Was the microtermina] difficu]t to use? 3% Yes _97% No

Did you ﬁee] that you were restr1cted by the microterminal, as

: compared to a test form, in the way you could answer test dues-. -‘

t1ons7 i ‘ ] _ ‘ Yes 100% No

. Over the 1ength of the aburse do you th1nk that you wou]d have less

problems using the- m1croterm1na] -and. its memory module than com-

“-puter test forms7 o . : 88% Yes - No

Were the d1rect1ons 1nd1cated by the 11ghted messages on)the mi-

zcroterm1na1 hard to follow? Yes 10 No
: : - Marginal
% . \
was the d1sp1ay area of the m1croterm1na] easy to read? :
100% Yes ____No

Was using the memory modu]e at the management term1na] as easy as‘
us1ng a test’ form7 : - _ , - 91X Yes 6% No

In. the space below, please indicate any other comments or sug-

N

&
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11. D1d the m1croterm1na1 make b]ock testing seem eas1er to you?

- 3,‘.* ', - - - 9‘1% YES 9% No
12. By using the m1croterm1na1 1nstead of a. computer test form, for
' recording your test[answers did you feeT that you. were better able

to concentrate on . answering the test items?

W . - : ' S 81%;-Yes. 19%.:No/
- 13. What-is the single thing about théimicroterminal'wgich 9ou.either;
: 1iked or disliked the most? Please answer below. -

L]

- ~
" . '
» N "l ~ p
S F1gure 10.
Se]ected student. comments
"It was better than filling out test,forms.and a lot easier to"use."ﬁ"
"T Tike it be ter because you can,mike changes easier and (it) doesn't
1eave-pencil'and erase marks.": T N o .

"t was a lot better than t%;t forms becausefyou can change the_answers
gy . . ‘ €
easier." T : ,
. - ' S '
"It's faster. You.don't mark the wrong letters by mistake as easily
- (S]C) a 4 . - S .

~

’”Not hav1ng to worry about m1stakes "
"With the- computer test form one.can show proof when the computer messe
up, ‘wh1ch isn't too often but . 1t does happen) How can the, m1croter-

minal be proven wrong when and 1f there is a ma]funct1on°"



N

‘multiple-choice items and that the microterminal allows betfer concen-
tration on taking the test without concern for making recording errors..
-This Tatter point is important because the recowrding of data (SSN, test

identifier; item responses, etc.) requ1res the careful darken1ng of many. =

R

little boxes on a- c‘@puter test form. A mistake in filling in the boxes:'l

could result in form rejection and/or erroneous test results, all of
whichi seem to be a worry to-students. It would thus seem reasonab]e to-
conclude that the ignificantly better test’scores of ‘the microterminal
users would be due to better concentration; however, the rival, hypo-

thes1s that ,there are novelty effects cannot :be d1scounted unt1] a more >

'extens1ve 1ong1tud1na1 study is conducted.

.

Cost Ana]ys1s , _ S ' _ L '_j" B & h ' '_F’f’zji

g
,

The parts costs for -a microterminal with- memory modu]e are. 1tem1Zedf;

in Table 5. -The pr1ces shown were current when the microterminals were:
be1ng constructed in late 1977 and -are subject to change. However, ‘it
is ant1c1pated“that the effect of the price changes which are likely to
occur over the period of a year will-tend to"reduce the total parts -
cost. The reason for this"is: the genera] trend that now exists in.price
reduction for such items as .the M6802 m1croprocessor and the TMS 2716
EROMS It is also noted here that th1s total pr1ce includes only one
EROM for each microterminal.

The actua] fabr1cat]on costs for the ‘various structura] components

of the microterminal are itemized in Table’6. In many instances, a.
‘major portien of an item cost was for the fabricatiod of a temp]ate or
.other mechahical aid. These, of course, were one-timg charges and,
therefore, distort the production costs of “an- item. or example, the.
cost of the spring for the memory module shutter is unusually high. The
costs\of the memory module case and micrbterminal case modifications
were alhso quite high. It is expected that for 'a quantity of 500 or more
units,. it would be feasible to pay the setup charge’for a tape-con-
trolled m1111ng machine, which would greatly reduce the cost per model
While it is difficult to determine the egé/{ cost reduction from such
-actiopy it is estimated that the final fi br1cat1on figures wou]d be)
appr mate]y 25%.of the. f1gures shown : .

The un1t cost for assembly and checkout, 1nc]ud1ng the EROM pro-
gramming, was approximately $330.. However, for the last few prototypes,
after the technicians became fam111ar with the units, the assembly :and
checkout required less than 12: hours. (approximately $144) per unit. It
could be .expected that on a production line this figure might be cut in

half. In any case, a unit cost of $509 qbpears rea11st1c for. quant1t1es

over 500

®

W



g S TABLE' 5. Components and mater1a] CQst s~ 7,
' T T 1-25 28100 .- 160-500
;Unit . Unit®  .‘Unit - Unit

: “Part .7 Quantity = Price. Price ¥ Price
M6802 (M 1croprOCessor)Motorola o 1 $25.00 $22.00- $22 00

-~ 'M6820P (PIA).Motorola 2 19.75 8.25 s 6150
;jf*6561 (CMOS RAM) Inters1]/Harr1s 1 - 8.25 8.25 8.25
- DL1416 (Display) Litronix- 1 " 40.00 _35:00 30.00.
© - CD4D50AE (CMOS-Hex BUffer) RCA . 2 o 74 14 .62
" LM339 (Comparators) Natl. Semi: 1 .80 - 60 . . .52
RL4484 (Red LED) Litronix . - 6 .29 L1k .19t
YL4484 (Yellow LED) Litron1w 1 .71 a1 L .52
O0L31 (Orange LED) Litronix~ _ e 1 47 BTN .31
‘GL4484 (Green LED) L1tron1x 1 W71 -7 Lk .52
© 7415174 (Hex-D Type F]1p F1ops) 2 - .98 7 .80 _L68
. 74L5139 (Decoders) , 1 1.73  1.38 1.10
TMS2716 (EROM) TI o1 32.00. 32.00 - 29.95
74L20 (NAND Gates) 1 . .64 .52 .45
74104 (Hex' Inverters) 1 .68 .56 .48’
7404 (Hex Inverters) 1 - .34 29 o a4 526
82-601- 817) - -2 6.80 . 6.80 - 4325,
82-301-61 ) QKeyboan) Grayh1]] 1 F 3.65 3.65 2.25
82-101-71 ) - 1 1.55 & 1.55 - 1.00
181 (Line- F1]ter) Corcom . 1 7.00- -7.00 . | 5.00
357001 (Fuse Holdér) ‘ 1. 2300 [ .30 .25
17236 (Power Cord) , 1 . .r1.45 - 1.45 1.20°
*B50T (Ni-Cad Bétter1es) EVeready 3 1:86 1.86 _. 1.20

. 6P~11 (Strain Re]1ef) : -1 .06 . .06 .06
"CY15C103M. (.01 uF) -1 .16 .16 .12

~ 196D186X9020KA1 (18 UF) 2" (B s L
"~ DM15-180J (18 pF) \ 1 15 .15 o 10
CK058X104K (.1 uF) & 2 - : .78 .78 -~ 50
2C25V224X0050C4 (. 22 uF) 1 .25 25 .15
*DB-25PY ) 1 5.44" 5.44 5.00
*DBP-25SAA °) (Connectors)-ITT Cannon 3 4.10.  4.10— 3.75
RCO7CB (% watt, 5% resistors) - 28 .12 . .09 .07
#433260 (4 MHz Crystal) ' o 5.95 -« 5.95 . 45.95
.. C93-24-02 (I.C. Sockets) 3 .63 .56 . .56
C93-40-02 (I.C. Socket) . -1, .99 - .91 .91

" ICMP (Power Supply) Alpha Power S . 39.95 36.75 < . 33.55
MC-4.9H-BE-BK (Console Case) Techmar 1 ' -37.70 35.82 ° 32.05
55-120-G-2 (Socket Str1ﬁ) : 1 - 1.65 - 1.65 1.55

“ 40.00 .. 40.00 30.00
50.00 3.40100" ) 30 00

"P.C. Boards (4 required) -
Mﬁsce]]aneous Hardware & Mater1a]s

. ! D= S
Tota] EEEE $364.45 1 $335.44 $282 53

‘*Memory Modu]e - . ‘ he

The items listed hege are those actua]]y used but other s1m11ar components

and materials-would have been,equally suitable. This listing does not impl;

%Pdorsement of these products or manufacturers by-the U.S. Government
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L TABLE 6. Mic_roterjhina]v f_abri_catiqn costs‘
. o S o :' . : Umt o Average Charge
Part ) o g "7 Quantity - _Per Terminal:
" Shutter - 3 ‘EA.;3225 R T $6.88
Spring .. . - _Em13266 1 1101
Hinge = - *# " fa-13224 1 161
H1nge Plate * ' . ‘ ' EA-1'3305" 1 2,75 ,
Ind1cator Panel .-1‘ - EB- -132167 . .'.IF‘CQ,;, RPN U7+ L E
Window, Djsplay . © . EA-13264 ';?;;'f, R ) 50
Memory Module Case. o EB132, T 1 % 8. 15°
.- Lo - EB- 13237 S .
Support Block” - . L EB-13220 21552
Spacer . LT T UEA-13233 11.01
Gdee,P1n_"' L . EA-13228 11.01
Guide o - EB-13221 20, 64
Filter Bracket @ | IEB-12686 . 4.13
CChassis. .0 Epi13us 27.52,.

_ 770050

~Console Case, Mod1f1cat1on . . . #ED-T3219 -
Mountmg S,pacer R - EA-13309 "11.00 - —
\Djsp]ay Panel Block . - // - EA-13270° - . '5.50 .

. 16.51 .
19, 26«

Keyboard Block . EA-13271
Keyboard Bezel . © . EB-13273

X L
=N =N B HETN NN
Ii . . ..

i ' *';' o .- ... Total . $338.47 7.,

C‘Q\‘.
s
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o Coné]usion , o : SR
- The m1croterm1na1 descr1bed in th1s report fulfilled the obJect-
jves, .and reached the goals that were intended at the initialization of
the contract. -As an "electronic testing device" the microterminal gave g
, studénts greater confidence in answering questlons, while also 1mprov1ng'
-scores.. The final cost figures also inditate that the use of the micro=.
termﬂnal is. an -economically viable a]ternat1ve to the standard computer
paper-and penc11 test<forms presently in’ uSe -
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